INTRODUCTION
============

Irritable bowel syndrome (IBS) is one of the most common gastrointestinal diseases. However, due to the marked variability of symptoms in patients with IBS, it is not easy to develop a unifying hypothesis to explain the pathophysiology of this disease. It has been recently suggested that small intestinal bacterial overgrowth (SIBO) may provide a framework for understanding the frequent clinical observations of IBS patients.[@B1]

SIBO is a frequent condition in patients with IBS. In the previous study, 10-84% of the patients with IBS presented with bacterial overgrowth using a lactulose breath test (LBT).[@B2]-[@B5] Treatment of SIBO with antibiotic and probiotic treatment effectively improved the gas-related symptoms of IBS[@B2],[@B6],[@B7] and these results have been proposed as evidence of SIBO as a cause of the symptoms of IBS. One of the possible consequences of the host response to SIBO is immune activation.[@B1] SIBO has been regarded as an important factor for the development of bacterial translocation[@B8] and bacterial translocation is responsible for immune activation.[@B9],[@B10]

Immune activation is also present in IBS patients. There is accumulating evidence of an increased number of inflammatory cells in the mucosa[@B11]-[@B13] and lamina propria,[@B14] and an altered ratio of an anti-inflammatory cytokine to a proinflammatory cytokine in IBS patients.[@B15],[@B16] This inflammation may be a cause or an effect of an altered mucosal barrier in the intestine. Inflammatory conditions in the gut such as acute gastroenteritis[@B17] and Crohn\'s disease[@B18] increase gut permeability, and some IBS subgroups may also be associated with altered gut permeability.[@B19] However, the previous studies on intestinal permeability in IBS patients have produced conflicting results and the selection of patients varied among the studies.[@B20],[@B21]

Therefore, the aim of our study was to determine whether there was any difference in intestinal permeability between normal subjects and IBS patients, and also between the IBS subgroups (IBS with diarrhea \[IBS-D\] and IBS with constipation \[IBS-C\]) and we wanted to determine if any relationship exists between SIBO and intestinal permeability.

MATERIALS AND METHODS
=====================

1. Patients
-----------

All the patients exhibited symptoms meeting the Rome-II criteria[@B22]; none of the study participants had a clear history of inflammatory bowel disease or post-infectious IBS, which is diagnosed when patients have at least two of the following: fever, vomiting, diarrhea or a positive stool culture at the onset of IBS symptoms, and the previous bowel habit has been within normal limits.[@B23] Informed written consent was obtained from all patients, and approval for the study was received from the local ethics committee at the hospital. Twelve normal control subjects were included in the study. The control subjects had met all of the following criteria: (i) macroscopically and histologically normal colonic mucosa,[@B12] (ii) no persistent bowel symptoms, (iii) no organic or functional bowel disease and (iv) no history of chronic medical disease. The patients with the following criteria were excluded from the two groups: (i) a history of atopy, food allergy or asthma based on a detailed medical history, (ii) use of mast cell stabilizers or steroids during the month before the study, (iii) active diverticulitis or (iv) gastrointestinal infection.[@B12] All the participants underwent colonoscopy in order to exclude organic diseases, and the subjects were excluded if they had used antibiotics within 2 weeks of the LBT.

2. Questionnaire
----------------

The participants were asked to complete a questionnaire about their bowel symptoms and the psychological distress they had experienced over the last 2 weeks before the interview. The questionnaire included the duration of IBS symptoms, and an assessment of the following supportive symptoms of IBS[@B22] on a six-point severity scale: fewer than three bowel movements a week, more than three bowel movements a day, hard or lumpy stools, loose (mushy) or watery stools, straining during a bowel movement, urgency (having to rush to have a bowel movement), the feeling of incomplete bowel movement, passing mucus (white material) during a bowel movement and abdominal fullness, bloating or swelling. To assess the psychological well-being and disability of the subjects, all the participants were asked to complete the Beck Depression Inventory (BDI)[@B24] and the State-Trait Anxiety Inventory (STAI).[@B25]

3. Lactulose breath test
------------------------

A lactulose breath test was performed 2 weeks after colonoscopy. After the ingestion of a 100-mL water solution containing 10 g of lactulose, breath samples were taken at 15-min intervals for 3 h. During the test, the subjects were forbidden to eat, smoke or exercise. Alveolar air samples were obtained after a normal inspiration by having the subjects exhale through a mouthpiece into the bags connected by a three-way valve. When the first 500 mL of expiratory air filled one plastic bag, then the end alveolar air was collected in a second bag (a 1-1 rubber anesthesia bag adapted with a one-way valve). The end alveolar air was then immediately transferred into 50 mL plastic syringes fitted with two-way stopcocks and the air was analyzed within a 2-h period. The H~2~ and CH~4~ concentrations in the breath samples were determined simultaneously with a Micro Lyser DP gas chromatograph (Quintron Instrument Company, Milwaukee, WI, USA). Dry air was used as the carrier gas at a flow rate of 30 mL/min. The chromatograph was calibrated with using H~2~ and CH~4~ reference mixtures in compressed air. The presence of small bowel bacterial overgrowth was defined by the evidence of a peak \>20 ppm that occurred 15 min before the colonic peak. Also, the patients with an elevated fasting H~2~ and/or CH~4~ level (\>12-15 ppm) were considered positive for bacterial overgrowth.

4. Measurement of intestinal permeability
-----------------------------------------

Intestinal permeability was also performed 2 weeks after colonoscopy. Polyethylene glycol (PEG) 3350 was employed for this study as the permeability probe. PEG 400, which acts as an internal control for possible changes in intestinal motility and absorption, was added. The two components of PEG were administered orally; urine was collected for the following 8 hours, and the concentration of each PEG molecule was measured using high-performance liquid chromatography (Waters HPLC system). The ratio of urinary excretion of each molecule was then determined. The differential urinary excretion of the two PEG molecules (the PEG 3350/PEG 400 ratio), which corrects for possible changes in intestinal motility and absorption, was calculated to provide the \"intestinal permeability index\".

5. Statistical analysis
-----------------------

Quantitative data were compared using Student\'s *t* test with the results expressed as means±SEMs. All the other qualitative data comparisons used the χ^2^ test. Correlation between intestinal permeability, the lactulose breath test and bowel symptoms was estimated using Pearson\'s correlation coefficient. The alpha level of significance was set at p\<0.05. All the analyses were conducted using SPSS (version 11.5.0, SPSS Inc., Chicago, IL, USA).

RESULTS
=======

1. Patients characteristics
---------------------------

Thirty eight IBS patients (age range: 16-70 years, mean age: 40.2 years, 20 women and 18 men) with symptoms that fulfilled the Rome-II criteria, and 12 healthy controls (age range: 25-58 years, mean age: 37.8 years, 5 women and 7 men) were recruited. Concerning the prevalence of bowel habit subtypes, 27 (71%) patients with IBS were classified as IBS-D patients, 8 (21%) were classified as IBS-C patients and 3 (8%) were classified as IBS-A patients. The mean symptom duration of IBS was 78 months (range: 6-360 months). There was no statistical difference of their demographics between two groups (p\>0.05). In contrast, the depression scores (BDI) and state of anxiety scores (STAI-S/T) were significantly higher for the patients with IBS than those for the normal controls (p\<0.05) ([Table 1](#T1){ref-type="table"}).

2. Positivity of the lactulose breath test in the patients with IBS and the controls
------------------------------------------------------------------------------------

Of the 38 patients with IBS, 7 were positive on the LBT (18.4%), as compared with 1 of 12 control subjects (8.3%). The difference between the groups was statistically insignificant (p\>0.05). The percentage of patients with positivity on the LBT was higher for the patients with IBS-D (6/27) than those with IBS-C (0/8) and IBS-A (1/3); however, this did not reach statistical significance (p\>0.05) ([Table 2](#T2){ref-type="table"}).

3. Intestinal permeability results for the patients with IBS and the controls
-----------------------------------------------------------------------------

The intestinal permeability was significantly increased in the patients with IBS compared with the normal controls (0.82±0.09 vs 0.41±0.05, respectively; p\<0.05) ([Fig. 1](#F1){ref-type="fig"}). However, no significant difference for intestinal permeability was observed among the patients with IBS-D, IBS-C and IBS-A (0.85±0.12, 0.74±0.13 and 0.77±0.30, respectively; p\>0.05) ([Fig. 2](#F2){ref-type="fig"}).

4. Relation between intestinal permeability, the lactulose breath test and bowel symptoms
-----------------------------------------------------------------------------------------

The various symptoms of IBS failed to show any significant correlation with intestinal permeability or LBT. However, the symptom score of hard stool significantly correlated with positivity on the LBT (r=-0.32, p=0.04).

5. Comparison of intestinal permeability between patients with positive and negative breath tests
-------------------------------------------------------------------------------------------------

When the intestinal permeability between the IBS patients having a positive LBT and those with a negative LBT was compared, there was no evidence that the patients with a positive LBT had increased intestinal permeability compared with those patients with a negative LBT (0.90±0.13 and 0.80±0.11, respectively; p\>0.05) ([Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

This study revealed that intestinal permeability was significantly increased in the patients with IBS compared with the normal controls. However, no significant difference in intestinal permeability was observed among the patients with IBS-D, IBS-C and IBS-A; moreover, contrary to our expectation, there was no significant difference in intestinal permeability between the IBS patients with a positive LBT and those IBS patients with a negative LBT.

The explanation for why the patients with IBS in this study had a lower rate of a positive LBT compared with previous study remains unclear. Rigorous selection criteria for the patients with IBS and differences in race and geographic area may have played some role in this discrepancy.[@B2],[@B6] Above all, LBT after two weeks of colonoscopy may be most responsible for our paucity of abnormal LBTs. Bowel cleansing with polyethylene glycol (PEG, Colyte, 4 L) removes the bulk of bacterial flora including hydrogen producing ones[@B26],[@B27] and the higher rates of positive LBTs for the IBS patients correlated with a longer time limit (2 to 3 months) after colonoscopy than did our results.[@B2],[@B4] However, most patients with IBS continued complaining of their symptoms when they re-visited 2 weeks after colonoscopy. Therefore, a proper time limit for administering the LBT after colonoscopy should be evaluated in the future.

Our finding of a higher positive rate on the LBT for the patients with IBS-D was consistent with a previous report[@B4] and it also coincided with the result of this study that the IBS patients with a positive LBT have less hard stool than those with a negative LBT. Therefore, even though it was not statistically significant, it might be interpreted that SIBO may be an underlying cause for IBS-D.

Under normal conditions, PEG with a molecular weight of 400 or less is absorbed by the intestinal tract and then excreted in urine. In contrast, PEGs with a molecular mass exceeding 3,350 are poorly absorbed in intestinal tract.[@B28]; thus, this has been used to assess intestinal permeability under acute conditions such as inflammation, shock and burn.[@B29] The safety of PEG 400 and 4,000 have already been established in humans,[@B30] and PEG as permeability probes can offer three major advantages over ^51^Cr-EDTA and small sugars. First, PEG is safe and easy to handle. Second, these polymers cover a wide range of molecular sizes, including those of macromolecules, and last, their chromatographic determination is unaffected by the presence of sugars found in food and urine, and subjects are not required to adapt their diet prior to taking the test.[@B31] PEG has been criticized for not being sufficiently sensitive to assess intestinal permeability in some of the more subtle disorders of barrier function due to the low urine excretion levels of PEG 400.[@B32] However, our results of intestinal permeability for the normal subjects are in agreement with those of a previous study,[@B31] and when we checked the intestinal permeability twice for the same subject, we found that this method gave very similar results. Thus, we could verify the reproducibility of this method.

In the current study, we could not find any difference in intestinal permeability between the subgroups of IBS. This finding was not consistent with an earlier report that the intestinal permeability profiles differ among the IBS subtypes with higher small bowel permeability in the patients with PI-IBS and IBS-D when compared with IBS-C patients.[@B19] The possible causes for this discrepancy are the bias from the small number of IBS-C and IBS-A patients and the different time periods for urine collection. The urine samples for this study were collected during 8 hours, which represents absorption from the small intestine to the proximal colon. The mixed intestinal permeability of the small and large bowel may lead to different result. However, we could not exclude the possibility of increased intestinal permeability in the patients with IBS-C, Since earlier study have reported that the number of mast cells was greater in the patients with IBS-C than that in the patients with IBS-D and IBS-A,[@B33] and mediators from mast cell plays an important role in the increase of intestinal permeability.[@B34] Therefore, the exact intestinal permeability in the patients with IBS-C remains to be established.

This study could not provide any evidence that a causal relationship exists between SIBO and intestinal permeability. Although studies showing the symptom improvement after antibiotic treatment in patients with IBS have been used to further support the conclusion that SIBO is a pathophysiological factor in IBS,[@B2],[@B6] this pathophysiology may be explained by alterations of colonic bacterial flora that result in symptom improvement, rather than by removal of the bacterial overgrowth.[@B3] Furthermore, there is a possibility that lactulose breath test was not sensitive enough to detect the SIBO properly in the small intestine and that SIBO does not cause immune activation in the GI tract, or that other factors such as stress and alcohol may play more crucial roles in the development of enhanced intestinal permeability. Therefore, further study is needed in the future to verify the cause of increased intestinal permeability in the intestine of patients with IBS and the relationship between SIBO, immune activation and intestinal permeability.
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Clinical Characteristics and Psychopathology of IBS Patients and Controls
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IBS, irritable bowel syndrome; STAI, State-Trait Anxiety Inventory; BDI, Beck Depression Inventory; NS, not significant.

^\*^Values are expressed as means±standard error of means (SEMs).
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Prevalence of a Positive LBT among Patients with IBS and Controls
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LBT, lactulose breath test; IBS, irritable bowel syndrome.
